Background Forest firefighters are faced with multiple physical and psychological challenges as a result of their duties. Little is known about the determinants of injury among these workers. The Ontario Ministry of Natural Resources (OMNR) Aviation, Forest Fire and Emergency Services (AFFES) records detailed information on two mutually exclusive types of workplace injury: First aid (self-reported) and Workplace Safety Insurance Board (WSIB, i.e. received medical attention).
Introduction
Workplace incidents typically receive extensive scrutiny by managers and employees alike, particularly regarding compliance with procedures and safety standards. These analyses are important contributors to policy development and encourage the implementation of best practices. Organizations which systematically collect data on injury-related incidents are likely to have rich reposit ories of data which lend themselves to systematic an alyses. One potentially useful analysis is of the aetiology of workplace incidents, particularly in highrisk occupations such as firefighting. In Canada, there are two broad categories of firefighting. Structural firefighting is managed at a municipal level and therefore each city or town has its own fire department. Forest firefighting is coordinated at a provincial level as fires of this nature typically cross several city and town jurisdictions and can span several hundred kilometres. Despite extensive research on the injuries incurred by structural firefighters [1] [2] [3] [4] [5] [6] very little work has been conducted on forest firefighters [7] . In light of the physical and psychological demands of this occupation as well as its high risk of serious injury [8] , the absence of research on this occupational group is both disappointing and surprising. Britton and colleagues have investigated factors such as weather and fire characteristics contributing to US wildland firefighter injury [7] while Aisbett and Nichols have examined fatigue during Australian bushfire suppression [9] . However, it is commonly understood that workplace injuries are the result of a combination of individual [10] [11] [12] , organizational [13] and environmental factors [7] . Extant literature has focused on the prediction of workplace injury based on the dimensions of age, gender, fitness, history of injury, worker experience, job stress and personality [3, 7, 10, [14] [15] [16] [17] .
The purpose of this study was to examine physical and psychological determinants of two types of injury among Ontario forest firefighters. It aimed to identify the most cogent predictors of workplace injuries in this occupational group.
Methods
Managers of the Ontario Ministry of Natural Resources (OMNR), Aviation, Forest Fire and Emergency Services (AFFES) monitor minor injuries (requiring first aid medical attention) and major injuries (requiring the submission of workplace injury claims through the Workplace Safety and Insurance Board, WSIB). First aid injuries include scrapes, abrasions, cuts, contusions and similar minor traumatic events. They typically do not result in lost time, changes of pay or changes in duties and thus do not result in compensation if they do not worsen. These injuries are recorded by the AFFES in an organizational database. WSIB injuries are more serious in nature and often will include back injuries, severe puncture wounds, heat-related illness such as heat stroke and other injuries that require more intensive medical attention. A worker may file a WSIB claim for the same injury more than once (i.e. for chronic or recurring injuries). First aid and WSIB injuries are mutually exclusive, once a first aid injury turns into a WSIB injury the first aid injury record is revoked. If a first aid injury resolves successfully then a WSIB claim is not pursued. Therefore, in this study two types of injuries were coded: (i) work-related first aid injuries (defined as minor injuries with no longer-term sequelae and therefore not compensated by insurers such as the WSIB) and (ii) work-related WSIB injuries (defined as significant injuries with longer-term sequelae and therefore subject to compensation by insurers such as the WSIB).
Participants were male and female forest firefighters employed by the OMNR AFFES during the 2011 fire season (April-September The Job Stress Survey (JSS) is a 30-item questionnaire that assesses perceived severity and frequency of stressful job-related events experienced in the previous 6 months prior. It is validated for use in a variety of business, industrial and educational settings [18] and consists of three scales:
1. Job Stress Severity (JSS): A respondent's average rating of perceived stress.
2. Job Stress Frequency (JSF): The average frequency of occurrence of stressor events.
3. Job Stress Index (JSI): An aggregate score combining the JSS and JSI, representing the overall level of stress perceived by the respondent.
Internal consistency estimates for the JSS are high (Cronbach's α = 0.91-0.93) for male and female participants across the three scales. Internal reliability (testretest stability) coefficients for the JSS scales range from 0.48 to 0.75 over various time intervals.
The NEO-PI-3 is a 240-item questionnaire that identifies five fundamental personality domains: Neuroticism, Extraversion, Openness, Agreeableness and Conscientiousness [19] . Neuroticism (N) contrasts emotional stability with maladjustment. Individuals who score high in this domain may be prone to irrational ideas, poor impulse control and an inability to cope with stress. Extraversion (E) encompasses warmth, gregariousness, assertiveness, activity and excitement-seeking. High scorers are upbeat, energetic and optimistic with cheerful dispositions. Openness to Experience (O) includes elements of active imagination, aesthetic sensitivity and attentiveness to inner feelings, intellectual curiosity and independence of judgement. Agreeableness (A), like Extraversion, is primarily a dimension of interpersonal tendencies. Highly agreeable individuals tend to be fundamentally altruistic, sympathetic and eager to help others. Conscientiousness (C) ranks individuals on tendencies to plan, organize and carry out tasks through self-control. The NEO-PI-3 has been validated for use in business and industrial settings [19] and is used to profile respondents based on composite scores for distinct personality constructs.
Logistic regression analyses were conducted to examine the contribution of age, gender, history of injury, personality factors, job stress, fitness and worker experience to the occurrence of workplace injuries during the 2011 fire season. Two sets of logistic regression models were constructed, the first examining more serious injuries using 2011 WSIB data, followed by a similar model for first aid injuries, using recorded injury as a dichotomous outcome variable. Regressions were conducted with participant cases with complete data. The data were analysed with the following independent variables: Age, gender, fitness (aerobic, strength and endurance), years of experience, history of injury (any WSIB injuries within the last 5 years), JSS scores (JSI, Job Stress Severity and Job Stress Frequency) and personality traits from the NEO-PI-3. The Enter method in SPSS v.20 was used whereby all variables are introduced in one step in order of decreasing tolerance. The JSS normative group selected for this sample was the Clerical/Skilled Maintenance group. Cut-points for age and experience categories were determined post hoc in order to obtain groups of similar size. For the purpose of this study, and given the young age of this workforce, participants over the age of 27 were classified as 'older' workers. Age categories included <23, 23-27 and >27. Experience categories included <3, 3-5 and >5 years. All three fitness categories (aerobic, strength and endurance) were divided post hoc into two categories based on 50th percentile scores (including only those who received a pass grade), which represented low and high levels of fitness for study participants (aerobic fitness: a cut-off of 7 as assigned by the test developer; strength: 18 repetitions; endurance: 281 m). Scores from the JSS were divided post hoc into two categories based on 50th percentile scores (low ≤47; high >47). Personality measures were divided into low (<45) medium (45-55) and high (>55) based on the NEO-PI-3 pre-determined categories.
Results
A sample of 252 Ontario forest firefighters (32% of the provincial forest firefighting population) were available for initial analysis. Regressions were conducted with 180 participant cases; 66 cases had incomplete data and were thus excluded from analysis. Descriptive statistics for the sample are presented in Tables 1 and 2 . Participants had a mean age of about 27, while the mean for years of experience was 5.6. In terms of psychological traits, participants were typically extraverted and open to experience. They scored lower on the dimensions of Agreeableness and Conscientiousness. Collectively they reported frequent stressors on the job. During the 2011 fire season, 24 (10%) of study participants experienced a first aid injury while 36 (15%) suffered a WSIB injury For Workplace Safety and Insurance Board injury, the overall model used was significant with a −2 Log Likelihood Ratio (χ 2 = 112.1, df = 1.5, P < 0.05) and
Model Chi-Square (χ 2 = 13.9, df = 6, P < 0.05). The predictor variables in the model accounted for 15% of the variance in WSIB injury occurrence. When controlling for all the predictor variables in the WSIB model the JSI was a significant predictor of injury with an odds ratio (OR) of 3.1. Odds ratios for each of the predictors included in the final regression model are shown in Table 3 .
For first aid injury, the overall model used was significant with a −2 Log Likelihood Ratio (χ 2 = 91.1, df = 1.8, P < 0.05) and Model Chi-Square (χ 2 = 30.3, df = 9, P < 0.05). Thirty-two per cent of the variance in first aid injury occurrence could be accounted for by the predictor variables included in the model. Table 4 shows associations of the predictors with the first aid outcome variable. When controlling for all the predictor variables in the model, high Neuroticism, low Openness, low Agreeableness, history of injury, age (28+) and experience (6 or more years) were significant predictors of injury. The odds that one would incur a first aid injury were increased for those with high Neuroticism (OR = 5.8) and low Openness (OR = 4.8) scores, a history of prior injury (OR = 9.5) and those aged 28 and older (OR = 6.5). Low Agreeableness predicted against injury (OR = 0.1) as did experience over 6 years (OR = 0.1).
Discussion
A history of WSIB-recordable injury was the strongest predictor of first aid injury, a particularly novel finding considering little is known about the relationship between minor (first aid) and major occupational incidents. Age, worker experience and the personality constructs of Neuroticism and Openness were also significant predictors of first aid injury. The strongest predictor of WSIB injury was job stress. We believe this study is the first to examine physical and psychological determinants of these two types of injury. Previous researchers have investigated external sources of workplace injury to forest firefighters [7, 20] , forest firefighter fatigue [8, 21] and relevant exposures (such as smoke inhalation [9] ). We found no studies that jointly investigated physical and psychological determinants of these two types of workplace injury in firefighting.
History of injury, age, experience and personality explained a high proportion of the variance in the model predicting first aid injury, while high job stress alone explained 15% of the variance in the WSIB injury model. Since the mechanisms of workplace incidents are multifactorial, we believe this study succeeds in profiling a number of important variables specific to injury in this occupation. In particular, this study reinforces the importance of using the previously reported biopsychosocial model when considering workplace injury and re-injury [11] . By measuring both physical and psychological covariates of injury, our models identified a relevant set of predictors for first aid and WSIB injury in this occupational group.
In this study, fitness was measured relative to jobrelated duties as opposed to pure physiological fitness, which may represent a limitation. Moreover, because participants were aware of the cut-off scores for a passing grade, some may have offered sub-maximal efforts and thus fitness levels were likely to have been underestimated. This may explain why fitness scores were not significant predictors in our analyses, a finding which differs from previous studies of structural firefighters. Indeed studies have collected physiological measures in structural firefighters and concluded that unfit workers are more susceptible to occupational injury and disease [3, [24] [25] . 
The JSS was administered to study participants during site visits between June and September 2011, representing a potential study limitation. The JSS prompts participants to report the frequency and severity of stressful work-related events over the past 6 months. It is presumed that administering this test at the end of the fire season (the duration of which is generally 5-6 months) would provide the most accurate representation of job stress. Furthermore, the male dominated workforce of this study may have created a bias of under-reporting job-related stress, as feelings or symptoms of stress, anxiety and depression may be viewed as socially undesirable. This view is entirely speculative and additional research would be required to substantiate it.
A limitation to the extent to which our results can be generalized is the relatively low number of recorded injuries (N = 60). A larger sample size would have provided more precision for the risk estimates. The inclusion of more Ontario forest firefighters in this study was not feasible due to availability of staff during the 2011 fire season.
Future research may focus specifically on how to attenuate the relationship between job stress and workplace injury. Modifying the work-to-rest ratio on the fireline, educating workers on job stress and enhancing employee support for problems that may arise from job stress may be effective techniques. Additional research on the role of a worker's history of injury on the risk of future injuries would also be useful. Identifying more accurate measures of forest firefighter fitness and offering alternative assessments of psychological functioning (such as identifying overall wellbeing and mental health) may also be fruitful avenues for additional research.
From this study, it can be concluded that WSIB and first aid injuries among forest firefighters are quite distinct phenomena and that different factors need consideration in their prediction and prevention. Fire managers may wish to consider these findings when addressing policy and practices to improve firefighter health and safety in the future. 
Shale is here again
The current enthusiasm for fracking takes me back to the oil crisis of the late 1970s. I had been asked to see a post-thoracotomy patient and, when he recovered, found that his lesion had been pneumoconiotic. When I enquired which mine he worked in, he told me that it had been a shale mine and since Hunter's old textbook stated that pneumoconiosis didn't occur in shale miners, I did a little trawl round the local hospital's pathology department, found some other cases, wrote them up and, knowing that the USA was opening up its massive shale oil reserves and interested in possible adverse health effects, applied for a grant to the US Department of Energy to study the risks of shale oil production. One patient turned into a research programme! Occupational physicians will recall the story of the oil shale industry to the west of Edinburgh established in the 1850s by James Young, the production of the first mineral oil and the discovery of the second known cause of cancer, among the paraffin workers in West Lothian and later among the cotton spinners of Lancashire. The grant allowed us to study the workers in the Scottish oil shale industry in 1983-84, 30 years after the industry had closed, including their mortality and, among survivors, the risks of skin and lung disease. The results were used to provide risk estimates for the developing US shale industry.
In the course of this study, I was able to visit the developing mines in Colorado and was interested to see what must have been the first attempts to obtain the oil without having to send miners down to bring up the shale, using explosives and in situ methods for extraction. Of course, we were familiar with the production of gas from coal in the UK prior to the opening of the North Sea industry and British Coal was at that time experimenting with in situ production of oil from the coal deposits. Alas this advanced work was curtailed as the UK coal industry was decimated through the 1980s.
Recently, I was telling a retired Yorkshire coal miner something of the Scottish oil shale industry and he remarked that in his pit, there had been so much gas that it was put to use to heat the mine buildings. And, of course, we all know that methane is an ever-present hazard in mining. The Scottish shale industry, which made oil from stone, hence petroleum, was eventually put out of business by the discovery of liquid oil deposits in the USA, discovered while drilling for gas, hence gasoline. Now the writing is on the wall for the coal industry and soon may be for the oil industry with fracking and eventually, thanks to an increasing awareness of the changing climate, even for the gas industry. But those two synonyms, petrol and gas, will remind our grandchildren of the greedy exploitation of the world's fossil fuels that led to the uncomfortable world that they will live in.
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